ABSTRACT
INTRODUCTION
Hepatic carcinoma is the fifth most widely spread type of tumor and death incidents due to this profoundly observed in developing countries where most of the world's population is concentrated. Hepatic carci- 23-04-2015 noma is attributed to a variety of causative agents like food, 1 genetic and environmental factors 2 of which consumption of alcohol and high fat diet becomes the most pathogenic.
Carcinogenesis occurs and develops in 3 steps. Initiation, where the normal cells in the organ turn carcinogenic. Promotion, in this stage the surrounding cells of the newly developed carcinogenic cell also become tumor cells. Progression, this is the most critical stage where the cancer cells break from the parent organ, mixes into the circulatory system, flows and settles somewhere else in the body and causes tumor in that particular organ. 3 For experimental studies cancer is induced on rat models by a powerful carcinogenic chemical widely in use N-Diethyl nitrosamine (DEN). DEN is the important environmental carcinogens, 4 abundantly present in processed food 5 like meat and milk, and alcohol. 6 It is also formed due to various in vivo conditions occurring due to physiological changes.
7 DEN induces pathogenic lesions in rat that is similar to many types of malignant and benign tumors observed in human beings. 8 The extent to which the cells of the liver are affected by DEN is based on the dose of the chemical administered to the animal under examination. At very low doses of 10 mg/ kg body weight, DEN induces only initiation of carcinogenesis and hepatic fibrosis. 9 As the dose levels increase above 30 mg/kg body weight cancer is well grown and promotion and progression of the tumor takes place. 10 The growth and promotion of cancer has been attributed to the free radicals generated. This has been justified through various clinical trials. 11 Free radicals promote oxidative stress to the cells that enhances tumor growth. 12, 13 Oxidants alter the functionality of the cell majorly the changes to genes that generate the mitogenic signals to the carcinogen exposed cells which bring about tumor promotion, also initiates toxicity into surrounding normal cells.
14,15,16 Anti-oxidants delay or inhibit a wide variety of biochemical processes of tumor promotion. They protect the point of attack of the free radicals and prevent the mutation of DNA and damage of cell membrane thereby inhibiting the initiation of carcinogenesis. Anti-oxidants perform in a more sequential pattern of multi-layer prevention, interception and repairing the damaged cell membranes. 17, 18, 19, 20 Chemoprevention of cancer is very important and has significant effects from the plant extracts.
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Garcinia mangostana, colloquially known simply as "the mangosteen", is a tropical evergreen tree, and is widely utilized nowadays as a powerful drug in the South East Asian countries, as it has a combination of nutrient rich, therapeutic and appealing features like fragrance, visual attraction, taste and very high anti-oxidant strength. 22 It has high potential to reduce the risk of many human ailments 23 as it contains polyphenols, that can be extracted to phytochemical values and is administered orally to overcome dysentery and applied on eczema and skin related problems as an ointment. These are very rich in xanthones, that possess excellent anti-oxidant characteristics and are the most valuable natural substances that has numerous bio-protective properties. They play a very important role in the protection of liver, intestine and bone and cartilage functions.
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MATERIALS AND METHODS
Test drug and Chemicals
G. mangostana pericarp extracts powder as obtained from Avasthagen Company, California, USA as a compliment and is applied for the present investigation. All other chemicals used were of analytical grade.
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Animals
Specific and pathogen free Wistar strain rats were chosen for this study. They were obtained and acclimatized to laboratory environment. They were housed in polypropylene cages with stainless steel grid covers and bedding material used is paddy or wheat husk. samples of lobes were immersed in 4% buffered formaldehyde for histological analysis. Counts of suspicious nodules on the liver surface were performed by macroscopic examination of the liver based on the following criteria: nodules with a diameter of 3 mm or more and a dysmorphic or dyschromic aspect; these counts were expressed as the number of nodules per gram of liver.
Weight examination
The weight of the animal is continuously monitored everyday for the first seven days and every alternate days for the rest 16 weeks. After euthanasia the weight of the liver, the main focus of the study was evaluated and studied for any abnormal gain or loss of weight from normal. This gives a preliminary confirmation regarding the adverse effects (if any) of the drug under test.
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Biochemical Parameters
Clinical biochemistry parameters especially the liver marker enzymes like AST (aspartate aminotransferase), ALT (alanine aminotransferase), Lactate Dehydrogenase (LDH) and ALP (alkaline phosphatase), GammaGlutamyl Transpeptidase, and 5' nucleotidases were estimated using commercially available diagnostic kits and semi-automatic analyzer.
Antioxidants analysis
Lipid peroxide content in liver tissues was determined by thiobarbituric acid reaction as described by Okhawa et al, 26 The levels of reduced glutathione (GSH) were measured according to the method of Moron et al, 27 The activity of catalase was assayed by the method of Sinha. 28 The activity of superoxide dismutase (SOD) was assayed by the method of Misra and Fridovich. 
Statistical analysis
Results will be expressed as mean ± S.E.M. Statistical significance is determined by one-way analysis of variance (ANOVA) and post hoc least-significant difference test. The data obtained from acute toxicity studies will be analyzed using Student's paired t-test. P values less than 0.05 will be considered significant.
RESULTS
Continued oral administration of DEN did not induce any mortality to the animals, but showed drastic decrease in body weight. The extract group, DEN + extract and the control group however showed slight increase in body weight. This provides an initial evidence for the protective and therapeutic effect of the drug. Development of tumor in the liver causes significant difference in the weight of the organ. When the animals are excised and their liver weights are examined to the nearest accuracy possible, it exhibited very clear distinction and good therapeutic behavior of the drug (Table 1) . Cancer growth can be visible observed when the liver is excised with the number of nodules that are developed on the surface of the liver. The Control and GME group showed complete absence of hepatic nodules, the DEN fed group of animals showed the presence of large number of nodules while the DEN + GME group showed reduced number of nodules indicating the protective nature of the drug ( Table 2 ). The hepatic carcinoma induced group (group 2) produced severe liver injury as evidenced by the significantly increased levels of SGOT, SGPT, LDH GGT and 5' nucleotidase in serum, compared with that of the control as depicted in Figure 1 . However, the DEN induced rats treated with GM extract showed an obvious decrease in liver marker enzyme levels showing its hepatoprotective effect. The results of oxidative stress and anti-oxidant levels in experimentally induced and treated DEN were shown in Figure 2 . Non enzymatic antioxidant such as GSH and anti-oxidant enzymes such as catalase and SOD were decreased significantly with simultaneous LPO increase in group 2 rats, compared to that of control group. The carcinoma treated with GM extract showed significant increase in the levels of antioxidants viz. GSH, catalase, SOD and decrease in LPO when compared with that of group 2 rats.
DISCUSSION
The initiation, development and progress of the cancer are one of the major domains to study and analyze the methodology in which tumor protection drug has to be produced. Also, when N-Diethyl nitrosamine (DEN) is administered to initiate cancer in Wistar rats, it was observed that the DEN produced cancerous effects on liver when administered continuously over a period of time of 45-60 days. DEN induced hepatic cells to turn carcinogenic and enhance the release of free radicals on a large scale that damage the surrounding cells.
As the tumor developed, it was clearly observed that there was significant loss in their body weight and it was reflected in the abnormal increase in the tumorous nodules formed in the liver region which could be felt easily by human touch on the abdominal cavity. When all the animals are maintained under normal feed and environmental conditions, those which were fed with DEN alone showed drastic loss of weight, whereas those which were administered the DRUG along with DEN showed significant recovery from the damage due to free radicals. The extract Garcinia mangostana showed powerful anti-oxidant activity by which it reduced the effect of DEN on the liver cells and prevented the development of tumor cells and also the loss of weight of the animal. More continuous observation of the animal showed that the extract had clear therapeutic characteristics as the weight of the animal started to increase at the terminal stage of the study. After excising the animal the liver of the animal was also weighed and it showed that the control and the extract group had no significant change in the weight of the liver and also DEN + Extract had shown only minor increase in the liver weight. DEN group of animals showed very high increase in the liver weight that clearly differentiates the damaging effect of the chemical and also the preventing effect of the drug. The drug's bio chemical effect was distinctly observed as the liver nodules were found in very least number in the group that was fed with both DEN and GME. DEN induces tumor nodules to develop as the carcinogenic cells extract the nutrition from surrounding cells, hence the number of hepatic nodules that were observed in the surface of the liver were extremely high when compared to that of the surface of the liver of the animal, which was fed with DRUG also. The lipid peroxidation (LPO) level and level of enzymatic antioxidants in the liver tissue of control and experimental animals is presented in Figure 2 . DEN administration produced a profound elevation (threefold) in the levels of MDA, as compared to control rats. Treatment with GML pericarp extract after DEN administration significantly decreased the levels of MDA, when compared with DEN induced rats. There was a significant decrease in the activity of both SOD and CAT upon administration of DEN in the liver tissue, which was restored back to normalcy upon treat-ment with GML pericarp extract. Administration of GML pericarp extract alone (Group IV) did not produce any significant alterations in most of the parameters investigated. Lipid peroxidation, initiated in the presence of hydroxyl radicals resulting in the production of malondialdehyde (MDA), directly produces oxidative stress. 30 Glutathione (GSH) is a key player in reduction processes in the cell. 31 It also plays a role in reduction of nucleotide tri phosphate (NTP) to deoxy nucleotide tri phosphate (dNTP) and in detoxification of endogenous and exogenous compounds, serves as a cofactor for various enzymes, stores and transports cysteine, and may be involved in cell cycle regulation and thermotolerance. 32, 33 Glutathione reductase (GR) is a gene encoding for an enzyme which reduces glutathione disulfide (GSSG) to the sulfhydryl form GSH, which is an important cellular antioxidant. 34 Membrane lipids are easily susceptible to deleterious actions of reactive oxygen species. Measurement of lipid peroxidation is considered to be a convenient method to monitor oxidative membrane damage. 35 There is a strong correlation between oxidative stress and the occurrence of liver cancer. Enhanced lipid peroxidation and/or a dysregulated antioxidant system have been associated with liver cancer in both experimental animal models and in humans. 36 In the present study, a threefold increase in the levels of LPO observed in liver tissue of DEN administered rats is the consequence of oxidative stress caused by DEN resulting from peroxidative membrane damage. Free radicals mediated peroxidation of membrane lipids might have resulted in loss of membrane integrity and membrane damage, leading to its rupture and subsequent release of the cytosolic contents. Previous studies have shown Mangosteen to be an effective antioxidant under in vitro conditions. 37 The fall in the levels of LPO observed after treatment with GML pericarp extract in the present study is suggestive of the fact that GML pericarp extract is successful in quenching the free radicals thereby inhibiting lipid peroxidation and protecting the membrane lipids from oxidative damage in the liver of rats. Hence GML pericarp extract acts as an effective antioxidant in in vivo conditions also. SOD and CAT constitute a team of mutually supportive antioxidative enzymes, which provide protective defense against reactive oxygen species. 38 During DEN induced hepatocellular carcinoma these enzymes are structurally and functionally impaired by free radicals resulting in liver damage. The restoration of the activities of antioxidant enzymes could be due to the ability of GML pericarp extract to scavenge reactive oxygen species within the lipid region of the membrane. Glutathione peroxidase (GPX) is a general name of enzyme family with peroxidase activity whose main biological role is to protect the organism from oxidative damage. The biochemical function of glutathione peroxidase is to reduce lipid hydroperoxides to their corresponding alcohols and to reduce free hydrogen peroxide to water. 39 Consequently, the levels of GSH (a key player in reduction and detoxification processes), GR (reduces GSSG to GSH which is an important cellular antioxidant) and GPX (whose main biological role is to protect the organism from oxidative damage) 39 decreased significantly in DEN induced HCC rats (Figure 2) . The higher concentration of GSH in GML treated group than control could be attributed to the increase of GSSG-GSH transformation, by GR enzyme, to overcome the increased lipid peroxidation exerted by DEN. DEN administration decreased the activities of these antioxidant enzymes in the liver tissue by about 50%. The decline in the activities of these enzymes in the present study could be attributed to the excessive utilization of these enzymes in inactivating the free radicals generated during the metabolism of DEN. The restoration in the activities of these enzymes after GML pericarp extract administration indicates that GML acts as an effective antioxidant. GML possess phytochemicals like xanthones, phenols and other flavonoids, which have been shown to be effective in scavenging free radicals. 39, 40 Therefore by acting as an alternate radical scavenger, GML can replenish these antioxidant enzymes, thereby preventing oxidative stress. These results of our investigations are in accordance with that of Weecharangsan et al., 41 who have reported the antioxidant activity of GML pericarp extract. GM exhibits profound anti-oxidant abilities which reduces the levels of lipid peroxides and increases the levels of glutathione, SOD and CAT to near normal performance of the liver. The increase in the levels of these anti-oxidants is due to the drug that prevents the increase in levels of oxidation in the liver cells. The lipid peroxide levels are found to be high in the levels of the DEN alone group. The liver marker enzymes shows very high levels in the DEN alone group whereas the levels of the same are significantly reduced in the GME treated group which is again attributed to the reduction in the oxidation activity of the DEN. The foretold results experimentally prove that the Garcinia mangostana extract which had earlier been proven to be a powerful anti-oxidant is indeed a very powerful drug against the hepatic carcinoma.
CONCLUSION
GM exhibits profound anti-oxidant abilities which reduces the levels of lipid peroxides and increases the levels of glutathione, SOD and CAT to near normal performance of the liver. The increase in the levels of these anti-oxidants is due to the drug that prevents the increase in levels of oxidation in the liver cells. The lipid peroxide levels are found to be high in the levels of the DEN alone group. The liver marker enzymes shows very high levels in the DEN alone group whereas the levels of the same are significantly reduced in the GME treated group which is again attributed to the reduction in the oxidation activity of the DEN. The foretold results experimentally prove that the Garcinia mangostana extract which had earlier been proven to be a powerful anti-oxidant is indeed a very powerful drug against the hepatic carcinoma.
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Highlights of Paper
• Diethylnitrosamine (DEN), environmental carcinogen induces hepatocellular carcinoma in rats.
• DEN has been suggested to cause oxidative stress and cellular injury due to the enhanced formation of free radicals.
• The pericarp of the Garcinia mangostana Linn is a waste product; but the pericarp of Mangosteen fruit is rich in xanthones, anthocyanins and oligomeric proanthocyanidin.
• This study demonstrated the free radical scavenging potential, antioxidant, hepatoprotective and anti tumour activities of Garcinia mangostana Linn pericarp extract (GME).
• GME shows modulating effect by maintaining the antioxidants to normal status.
• Hence, this could be safely developed as a hepatoprotective adjuvant for hepatocellular carcinoma.
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